Summary.-All deaths with a mention of leukaemia on the death certificate, in men employed over a period of 25 years at 8 oil refineries in the U.K. were identified. The potential benzene exposure of these cases was compared with that of two sets of controls selected from the total refinery population. One set of controls was matched for refinery and year of birth, the other set was matched for refinery, year of birth and length of service. No information was available on measurement of benzene in the work environment but a job history was obtained from refinery personnel records for all cases and controls. This was used to allocate each man to a benzene exposure level of "low", "medium", or "high".
the work environment but a job history was obtained from refinery personnel records for all cases and controls. This was used to allocate each man to a benzene exposure level of "low", "medium", or "high".
There was no overall excess of deaths from leukaemia when compared with the expectation from national rates. There was also no excess of cytological types of leukaemia which have been shown to be particularly associated with benzene exposure. However, the risk for those men with medium or high exposure relative to the risk for those with low benzene exposure approached a significance (P=0-05) when length of service was taken into account. If there were an increased risk of leukaemia due to benzene exposure, it could have only been one that affected a very small proportion of men within the refinery workforce.
THE AIM of the study was to investigate whether exposure to benzene increased the risk of death from leukaemia in men who had worked in 8 refineries in the U.K., taking into account such factors as length of exposure and date of entry to the industry.
There are numerous references describing cases of human haematological toxicity associated with exposure to benzene. Two haematological disorders which are clearly related to benzene exposure are pancytopenia and its variants, including anaemia and leukopenia, and acute myelogenous leukaemia and its variants such as erythroleukaemia (Environmental Protection Agency, 1977) . Well over 100 cases of leukaemia in benzene-exposed individuals have been described in the literature. Most of the exposure occurred in a work place where benzene was used as a solvent or manufactured; for example, in shoemakers (Aksoy et al., 1972 (Aksoy et al., , 1974 (Aksoy et al., , 1976 Vigliani & Saita, 1964; Vigliani & Forni, 1976) , the rubber and tyre making industry (Mancuso et al., 1968; McMichael et al., 1975; Infante et al., 1977) and coke plant workers (Redmond et al., 1972) . Goldstein (1977) points out that most of the cases described in the literature were also exposed to other solvents or chemical products. He also suggests that, in spite of the number of reports, the data are not adequate for deriving a dose-response curve; for example, details of the total population at risk are not known.
It is appropriate to note here that the levels of benzene to which these reported cases were exposed are also likely to have been much higher than levels of exposure experienced by workers in oil refineries either today or in the past.
The method below describes the classification of oil workers in this study accord-ing to their potential exposure to benzene. The high-exposure group were those assessed as having exposures higher than those of the other workers in refineries, rather than in any absolute terms.
Benzene is a constituent of petroleum. Several studies have been carried out in the oil industry to measure (a) the intake of benzene vapour by personal air sampling, and (b) the metabolism of benzene, evaluated from the concentration of phenol in urine, in particular for petrol pump workers and transport-loading workers (Parkinson, 1971; Sherwood, 1971 Sherwood, , 1972 Pandya et al., 1975; McDermott & Vos, 1979) .
No statistically significant excess of observed deaths from leukaemia over expected deaths has been found in previous studies of oil-refinery populations (Tabershaw, 1974; Hanis et al., 1979; Theriault & Goulet, 1979; Thomas et al., 1980) . Thorpe (1974) carried out a study of leukaemia deaths and benzene exposure in 8 European affiliates of Exxon. Although there were problems of method in this study, no excess mortality from leukaemia was found, compared to the general population in the countries concerned.
METHOD
A mortality study of workers at 8 oil refineries in the U.K. has been carried out (Rushton & Alderson, 1980) . Thirty of the deaths in this study had leukaemia as the underlying cause of death, and 6 others had leukaemia mentioned as a contributory cause of death. These 36 deaths are the "cases" in the present case-control study.
Each case was matched with two sets of controls, each set consisting of 3 controls from the total refinery study population, excluding men who died from diseases of the lymphatic and haemopoietic tissue. One set of controls was matched for refinery and year of birth, and the other set of controls was matched for refinery, year of birth, and length of service. Length of service was defined in the same way for both cases and controls; i.e. the time from the date of joining the refinery to the date of leaving, for death, retirement, or any other reason. Where possible, exact matches for year of birth and length of service were selected. If an insufficient number of exact matches was obtained, controls were selected with year of birth and length of service in the quinquennium around the year of birth and length of service of the related case.
A computer programme selected all possible controls from the study data file for each case and 3 controls were selected at random from them.
A job history, including dates of changing jobs, was obtained for all the cases and controls from the refinery personnel departments. A working party of occupational hygienists, representing the companies involved and the Institute of Petroleum, used this job-history information to allocate the cases and controls to a category of potential benzene exposure. The members of the working party were unaware which were cases and which were controls.
The details of the job histories varied, according to the main job and the period covered. Records for some of the jobs such as process operators gave quite specific details about the plant or area of the refinery. Others, such as those for maintenance men, yielded no detail other than one job title. Data on measures of environmental benzene levels in the refineries were avilable only for the last few years, and not for all the years covered by the study. For these reasons it was decided to use a simple benzene exposure categorization of "low", "medium" or "high". The highest category was allocated to those jobs, plants and areas of any refinery where the actual or potential benzene exposure was highest relative to other jobs, plants and areas in the 8 refineries. The working party made a single overall assessment of each man's exposure category, taking into account his job history. For some jobs, such as laboratory workers and dock workers, allocation to the medium or high categories of exposure was influenced by the length of service in the jobs, under 10 years service being allocated to the medium exposure group and over 10 years being allocated to the high exposure group.
Analyses were carried out separately for the 2 sets of controls.
A preliminary assessment of the data, ignoring the matching and taking all the controls together, suggested that the risk of leukaemia among men in the mediumexposure category, relative to the risk for those in the high-exposure category was close to unity (1:1 1). These 2 categories were therefore combined for the analyses.
A first analysis of the data was carried out using the method described by Pike & Morrow (1970) in which each case is matched with one or more controls, but the factor under study is an all-or-none variable. For this analysis each individual was considered to have been either not exposed to benzene (the low category) or exposed to benzene (medium and high categories combined). A test statistic of association was obtained which is distributed approximately as x2 with one degree of freedom, under the null hypothesis of no association between the presence of leukaemia and benzene exposure. The conventional significance level obtained is based on a two-sided test of significance. However, as the question "is the risk of leukaemia increased with increased exposure to benzene" is in one direction only, it may be argued that a one-sided test is more appropriate (Armitage, 1974) .
A more complete analysis of a matched case-control study may be provided by the fitting of a logistic regression model (Cox, 1970 ) using a maximum-likelihood method (Breslow et al., 1978; Holford et al., 1978; Vitaliano, 1978; Wright et al., 1978) . Estimates of the relative risk associated with the exposure factor under study and other variables are obtained. A search for possible confounding effects and effect modifications can be made by comparing models which include different terms (Miettinen, 1974; Smith et al., 1979) . Confounding of the relationship between disease and exposure occurs when both disease and exposure are independently correlated with another factor. For example, coffee drinking and heart disease are confounded by smoking in the United States. Effect modification occurs when an association between disease and exposure varies between subgroups defined by different levels of another factor. For example, smoking is associated with an increased risk of cancer of the oesophagus, but this risk is not the same for all subgroups defined by their alcohol consumption.
A likelihood-ratio tests is also given which may be used to compare (i) the likelihood of the data under the model fitted with (ii) the likelihood under the null model in which all the relative risks are unity. A computer algorithm for fitting this model is available (Smith et al., 1979) . 6 For both sets of controls, benzene exposure (ranked as 1= low, 2 = medium or high) and year of entry to the refinery (ranked as 1 = pre 1940, 2=1940-49, 3=1950-54, 4=1955-59, 5= 1960-64, 6= 1965-69, 7 = 1970-74) were included in the model. Length of service (ranked as 1 = 0-4 years, 2= 5-9 years, 3= 10-14 years, 4 = 15-19 years, 5 = 20 + years) was also included in the model for the year of birth-matched controls.
However, the number of cases and controls in this study is small and caution is needed when interpreting the results of fitting such models. The models have therefore been used principally as a guide to indicate which relationships should be examined by using twoway tables.
RESULTS
There was no evidence of any excess mortality overall or from acute myeloid leukaemia, which has been shown in other Tables III and IV give the results of fitting various logistic models to the data. For the year-of-birth and length-of-service matched controls, a model in which benzene exposure was the only variable included gave the best fit. For the yearof-birth matched controls, a model in which both benzene exposure and length of service were included gave the best fit. The addition of other variables and interaction terms did not improve the fit materially. The models fitted to the data in this study suggested that length of service might be a possible confounding factor or effect modifier.
A further analysis was carried out by breaking the matching and examining separate 2-way tables (exposed: not exposed x cases: controls), for different length-of-service groups.
The relative risks do not vary much between the different length-of-service groups where the controls were matched on year of birth and length of service but there is some variation where the controls were matched on year of birth only. Table  V gives the results of this analysis.
Both these analyses are based on small numbers, thus giving correspondingly large standard errors of the estimates of the relative risk. There is, therefore, no substantial evidence that the relative risk of leukaemia from benzene exposure changes with length of service; that is, length of service is not an effect modifier.
The proportion of cases with medium or high benzene exposure is higher for those with longer length of service than for those with short length of service. The ratio of the number of cases to the number of controls is about the same in each length-of-service group for the year-ofbirth and length-of-service matched controls (as would be expected). The same is also true for the controls matched only on year of birth, when the 10-14 and 15+ length-of-service groups are combined. Following the argument of Prentice (1976) it may be inferred from this study that there is no substantial evidence that length of service is a confounding factor.
DISCUSSION
The issues being explored in this study were (1) how did the occupational history (i.e. length of service plus exposure to benzene) differ between 2 groups of men matched for age, and (2) was the benzene exposure of 2 groups of men with the same length of service similar?
A distorted measure of association between exposure and disease may be obtained from a case-control study if the method of selection of the cases and controls is biased in some way. In this study all cases with a mention of leukaemia on the death certificate were included. The controls were selected as described. This does not accord strictly with the view expressed by Mantel (1973) that controls should be sampled from the population at risk at the time the case (in this study, a death from leukaemia) occurs. However, 77 % of the controls were in fact alive at In deciding whether to allocate men to the medium-or high-exposure categories, the length of service on the job was sometimes taken into account in addition to the type of occupation. There was no "double counting" of length of service in those controls who were matched for year of birth and length of service, as these two exposure categories were in fact combined in the final analyses. Length of service was not considered in deciding whether to allocate men to the low-exposure category.
A misleading measure of risk may be obtained if the factor under investigation is confounded with another variable of interest. Confounding variables may be taken into account (i) in the design stage by matching, and (ii) in the analysis either by stratification or by inclusion in a linear logistic model. Two sets of controls were used in this study (a) matched for year of birth and length of service and (b) matched for year of birth. The analyses of both control sets, using the method described by Pike & Morrow (1970) , showed a weak association between benzene exposure and leukaemia. The fitting of the logistic model showed an association of benzene exposure with leukaemia for control set (a). When the logistic model was fitted for control set (b) taking into account length of service, the relative risk of benzene exposure was significantly different from unity at the 5% level.
The results obtained from the analyses of this case-control study thus indicate an increase in the risk of leukaemia in the group whose exposure to benzene was assessed as medium or high. There was no evidence that the risk increased with length of service.
However, the exact nature of the relationship between benzene exposure and leukaemia is not readily expressed when one considers the results from (a) the examination of the mortality patterns of 35,000 workers in 8 refineries, and (b) this case-control study. There was no overall excess of deaths from leukaemia in the workforce as a whole, when compared with that expected based on national rates (O = 30, E = 31-96, P= 0.41). Examination of the types of leukaemia was handicapped, as the source of information was death certificates and the numbers were small. However, there was no excess of deaths from the cytological types of leukaemia which have been shown in previous studies to be particularly associated with benzene exposure (Aksoy et al., 1976; Environmental Protection Agency, 1977) . It was not possible to calculate expected values using national mortality rates for the different exposure groups, as the exposure levels were not known for the total refinery study population. Taking the above points into consideration, if there were an increased risk of leukaemia due to benzene exposure, it could have only been one that affected a very small proportion of men within the refinery workforce.
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